a total of 7280 ARV medication-naive patients were included in CANOC. We observed a significant change in the proportion of new ABC prescriptions immediately following the release of DAD (À11%; 95% confidence interval [CI]: À20% to À2.4%) and in the months following the presentation of these data (À0.66% per month; 95% CI: À1.2% to À0.073%). A post-DAD presentation decrease in the odds of being prescribed ABC versus tenofovir (TDF) was observed (adjusted odds ratio, 0.72 per year, 95% CI: 0.54-0.97). Conclusions: Presentation of the DAD was associated with a significant decrease in ABC use among ARV medication-naive, HIV-positive patients initiating therapy.
Introduction
Initially presented at the 2008 Conference on Retroviruses and Opportunistic Infections, the findings from the Data Collection on Adverse Events of Anti-HIV Drugs (DAD) cohort study implicating recent (ie, within past 6 months) exposure to abacavir (ABC) with a heightened risk of myocardial infarction among patients living with HIV contributed to a reappraisal of the position of this drug within the antiretroviral (ARV) armamentarium. 1 Specifically, ABC was eventually relegated to second-line status among the nucleoside reverse transcriptase inhibitor (NRTI) class in both the Department of Health and Human Services (DHHS) and the International AIDS Society-USA treatment guidelines and was assigned a caveat of cautious use in patients with a higher baseline risk of cardiovascular disease. 2, 3 Although the results of the DAD were corroborated by those obtained from the Strategies for Management of Antiretroviral Therapy (SMART) study, 4 subsequent analyses did not support a relationship between ABC exposure and cardiac disease, reinforcing concerns that the initially reported association may have been obfuscated by residual confounding and selection bias. [5] [6] [7] [8] Although the impact of high-quality, well-publicized randomized trials has been demonstrated to lead to rapid and significant changes in prescribing practices, it is less clear whether observational studies can exert similar effects on clinical practice. [9] [10] [11] Given the widespread promulgation of the DAD results within media directed toward persons living with HIV and clinicians managing these patients, it is possible that these data influenced physician prescribing behavior and ABC utilization despite the aforementioned concerns about confounding and bias. We therefore sought to evaluate the trends in the use of ABC among ARV medication-naive, HIV-infected patients in the periods preceding and following the initial presentation of the DAD findings.
Methods

Cohort Description
The Canadian Observational Cohort (CANOC) collaboration is a multisite cohort study of ARV medication-naive HIVpositive patients initiating combination antiretroviral therapy (cART) after January 1, 2000. 12 The collaboration was established in March 2008 and currently includes 8 participating centers across Canada. Eligibility criteria for inclusion in CANOC are documented HIV infection, residence in Canada, age 18 years and older, naive initiation of combination antiretroviral therapy (cART; defined as at least 3 individual ARV agents) and at least 1 HIV-1 RNA viral load and CD4 count measurement within 6 months of initiating cART. Patient selection and data extraction are performed locally at the data centers of the participating sites and are subsequently pooled and analyzed at the Project Data Centre in Vancouver, British Columbia, Canada. All participating sites have received approval from their respective institutional research ethics boards to contribute nonnominal patient-specific data.
Analysis
We examined monthly trends in the proportion of new prescriptions for ABC and tenofovir (TDF) in the 97 months preceding the presentation of the DAD and the 24 months immediately following the release of these data using segmented ordinary least squares regression, a type of interrupted time series model. 13 For each monthly interval, we calculated the proportion of new prescriptions for ABC using all new prescriptions for ABC and ABC fixed-dose combination products (ie, ABC/lamivudine [3TC]; [Kivexa], ABC/3TC/zidovudine [Trizivir]) as the numerator and total new NRTI prescriptions as the denominator. Similarly, we calculated the proportion of new prescriptions for TDF using all new prescriptions for TDF and TDF fixed-dose combination products (ie, TDF/emtricitabine (Truvada) or TDF/emtricitabine/efavirenz [EFV]; [Atripla]) as the numerator and total new NRTI prescriptions as the denominator. We chose to contrast trends in ABC with those of TDF, as the latter agent is the most clinically relevant NRTI alternative to ABC.
The regression model included an intercept, a linear trend variable, a dummy variable representing the month in which the DAD findings were first presented (February 2008), and a trend variable for the months following the presentation of these data. Specifically, the regression model took the form:
where Y t is the proportion of all NRTI prescriptions per month for ABC at time t. In this model, b 0 is an estimate of the proportion of ABC prescriptions per month in 2000, b 1 is an estimate of the change in the proportion of prescriptions per month before the release of the DAD results, b 2 is an estimate of the change in proportion of ABC prescriptions immediately following the presentation of the DAD, and b 3 is an estimate of the change per month in the proportion of ABC prescriptions after the presentation of the DAD, where time after intervention is a continuous variable indicating the number of months that have passed since February 2008. We fit a similar model to determine whether the release of the DAD findings had an impact on the proportion of new prescriptions for TDF. We had hypothesized that there would be a decrease in ABC utilization and a corresponding increase in TDF initiation following the release of the DAD. We evaluated the adequacy of the models using standard graphical and statistical methods. Because timeseries data are often autocorrelated, we used the Durbin-Watson statistic to test for autocorrelation when conducting the segmented regression analysis. Since second-order autocorrelation was evident, the final model included 2 terms to accommodate the dependence of the model residuals.
We complemented the segmented regression analysis with a structural break analysis to detect changes in the relationship between new ABC prescriptions and time. The timing of all breakpoints and associated 95% confidence intervals (CIs) occurring over the time series were estimated using the methodology described by Bai and Perron. 14 Identified breakpoints were compared to the timing of the release of the DAD (February 2008) and the approval of competing fixed-dose ARV formulations, such as Truvada (TDF/emtricitabine; approved October 2007) and Atripla (TDF/emtricitabine/EFV; approved April 2006). We hypothesized that a structural break in the ABC time series would be found in the months following the presentation of the DAD, and that the 95% CIs would not encompass the periods in which competing ARV agents were released, thereby lending support for an association between a change in prescribing practice and release of the DAD findings.
In order to fully examine the impact of DAD on current prescribing practices, we also used multivariable logistic regression analysis to examine temporal trends in the odds of being prescribed ABC versus its leading competitor, TDF, adjusting for patient-level characteristics that may influence the choice of NRTI. We examined new prescriptions of either ABC or TDF from April 2004 (TDF approval in Canada) to February 2010. The change in prescribing patterns was modeled with a linear term for month (representing the monthly change in the odds of being prescribed ABC versus TDF), a dichotomous term for the DAD, representing the change in ABC prescription immediately after presentation of these findings, and a linear term for months since DAD release representing the change in slope that occurred after the release of the DAD findings. We adjusted our models for pertinent sociodemographic and clinical variables that may influence the choice of prescribing either ABC or TDF, including patient sex, province, age, and baseline values of viral load and CD4 count. We hypothesized that the odds of being prescribed ABC relative to TDF would decrease in the year following the release of the DAD.
All analyses were performed using either SAS version 9.3 (SAS Institute, Cary, North Carolina) or R version 2.12.1.
Results
Between January 1, 2000, and February 28, 2010, a total of 7280 ARV medication-naive patients were included in CANOC, of whom 1294 and 2985 initiated therapy with ABC and TDF, respectively. The baseline characteristics of these patients are summarized in Table 1 .
Trends in the proportions of new prescriptions for ABC and TDF are illustrated in Figure 1 . In the segmented regression analysis, a significant segment change was observed in the proportion of new ABC prescriptions immediately following the release of the DAD (À11%; 95% CI: À20% to À2.4%). A significant negative trend was observed in the proportion of new prescriptions for ABC in the months following the release of the DAD (À0.66% per month; 95% CI: À1.2% to À0.073%). Respective results for the subset of patients with a viral load of less than 100 000 copies/mL were À7.7% (95% CI: À17.6% to 2.12%) and À0.69% (95% CI: À1.36% to À0.03%) per month. This result is consistent with the results of the structural break analysis, in that a statistically significant downward break in the ABC prescription time series was detected on May 2008 (95% CI, April 2008 to January 2009). An earlier upward break was also detected on July 2004 (95% CI: August 2003 to October 2004). The results of the segmented regression analysis for TDF indicated that there was no statistically significant change in the proportion of new prescriptions for this agent either immediately following the release of the DAD (6.3%; 95% CI: À4.6% to 17%) or in the months following the release of these findings (À0.52% per month; 95% CI: À1.3% to 0.24%).
Between April 2004 and February 2010, a total of 3927 patients were prescribed either ABC (n ¼ 979) or TDF (n ¼ 2948). The baseline characteristics of these patients are summarized in Table 2 . A total of 2693 patients were included in the multivariable logistic regression analysis examining predictors of being prescribed ABC versus TDF (Table 3 ). Following multivariable adjustment, we observed a significant decrease in the odds of being prescribed ABC versus TDF before the release of the DAD findings (adjusted odds ratio [aOR] 0.83 per year, 95% CI: 0.74-0.93). The presentation of the DAD was associated with an immediate change in new ABC use (aOR 0.51, 95% CI: 0.36-0.72), while a significant postpresentation decrease in ABC use continued (aOR 0.72 per year, 95% CI: 0.54-0.97).
Discussion
In our study, we observed a steady decrease in the proportion of new ABC prescriptions being written for ARV medicationnaive, HIV-infected patients initiating therapy in the months following the release of the DAD. The results of the segmented regression analysis were corroborated by the structural break analysis, which provided additional evidence of a decrease in new ABC prescriptions in May 2008, shortly following the presentation of the DAD findings. We did not observe changes in the ABC time series that could correspond to the approval of competitor combination products such as Truvada (approved April 2006) and Atripla (approved October 2007). The results of the logistic regression analysis lend further credence to our interpretation. Although the logistic regression model suggests that new prescription of ABC was decreasing before the release of the DAD, this trend became more pronounced following the release of these data.
Although changes in prescribing practice have been documented to occur following the release of randomized controlled trials and meta-analyses, we are unaware of a contemporary example where the presentation of findings from a single cohort study has fueled a sustained change in physician prescribing behavior. Our results have important implications. Most notably, we have demonstrated that a well-publicized cohort study can precipitate changes in prescribing practice. Despite the gravity of the DAD findings, the observed association between ABC exposure and myocardial infarction remained difficult to interpret because of the inability to adjust for variables that could be important confounders of this relationship. Although subsequently corroborated by the results of the SMART study, other investigators were not able to replicate the DAD findings once potential confounders such as intravenous drug use or chronic kidney disease were incorporated into analyses. For example, in a nested case-control study analyzing the impact of individual ARV agents on the risk of myocardial infarction in hospitalized patients with HIV infection, an association with both recent and past ABC use and the outcome of interest was no longer observed after the analysis was restricted to nonusers of cocaine and intravenous drugs. 6 Similarly, no association was found between the use of ABC and myocardial infarction following adjustments for chronic kidney disease and traditional cardiovascular risk factors in a study using the Veterans Administration Clinical Case Registry. 7 However, studies documenting an association between ABC and cardiovascular disease following adjustment for kidney function have also been published, challenging the confounding role of this covariate and contributing to the uncertainity in the literature. 15, 16 In addition to the manner in which potential confounders were considered, discrepant results across the studies could be attributable to the different patient populations examined. Specifically, studies finding an association between ABC use and myocardial infarction included predominantly ARV medication-experienced patients, 1,4 whereas those in which no association could be found assessed mainly ARV medication-naive patients. 6, 7, 17, 18 Nonetheless, irrespective of the limitations of the DAD and the fact that the majority of patients in the study were ARV medication experienced, our study suggests that clinicians acted upon the release of the DAD findings and changed their prescribing practices when starting treatment for ARV medication-naive patients.
Several limitations of our study should be noted. First, because of the varied determinants of medical practice, it is difficult to infer conclusively that changes in ABC prescription could be attributable to the DAD. However, we used a combination of ecological and individual-level analyses to corroborate our findings. In addition, our study was retrospective in nature, and we had limited data available regarding comorbidities. We were therefore unable to examine whether the baseline presence of cardiovascular and/or renal disease modified the impact of the DAD on ABC initiation, and whether the observed changes in prescribing practice resulted in important clinical outcomes. Furthermore, we analyzed only the impact of the DAD on ABC initiation and did not consider switches from ABC to TDF in the months following the presentation of the DAD. However, this likely underestimates the impact of the DAD on ABC use, as we expect that some clinicians may have substituted this drug for an agent perceived to confer a smaller risk of myocardial infarction among their patients with risk factors for or a history of cardiac disease. Because of a lack of statistical power, we were unable to ascertain the impact of the presentation of the ACTG5202 findings and the change in status of ABC to an alternative agent in the DHHS guidelines in August 2008 and November 2008, respectively. 3, 19 Finally, it is impossible for our analyses to separate the effects of the presentation of DAD to clinicians by professional publications and conference reports from the marketing efforts of pharmaceutical companies expected to benefit from the promotion of these findings. Our results should therefore be interpreted as reflecting the aftermath of all combined efforts at disseminating these findings. However, the role of the pharmaceutical industry in conflating research dissemination with product promotion warrants further examination in the field of HIV, particularly when the research in question is limited in its ability to conclusively establish cause-effect relationships.
In conclusion, we found that the presentation of the DAD study was associated with a significant decrease in the use of ABC among ARV medication-naive, HIV-positive patients initiating therapy. The change in ABC prescription trends were observed despite methodological concerns and the lack of external generalizability to the ARV medication-naive patients comprising the CANOC. Our study therefore suggests that shifts in physician prescribing practice are possible following the presentation and promotion of data from a single, wellpublicized observational study. However, the subsequent publication of studies, which both contradict and corroborate the results of the DAD, serves as a reminder that conclusions drawn from observational studies must be interpreted with the potential for residual confounding and selection bias in mind and therefore incorporated into clinical practice cautiously. 
